Introduction {#sec1}
============

The history of Newcastle disease (ND) began in 1926 with the depiction of fatal disease syndrome through diversifying sites at different geographical locations worldwide, Newcastle upon Tyne, England and the island of Java, Indonesia ([@ref18]; [@ref11]). ND virus (NDV), or avian paramyxovirus type 1 (APMV-1), belongs to the genus Avulavirus, sub-family Paramyxovirinae, and family Paramyxoviridae ([@ref2]). The genome of NDV is negative sense, single-stranded RNA ([@ref3]). ND has a global concern due to its significant characterizations, such as respiratory, nervous, gastrointestinal, and reproductive impairment leading to severe economic losses and threatening among intensive poultry-farming systems and free-range establishments ([@ref22]). In addition, the disease occurs in three pathotypes, namely, lenthogenic, mesogenic, and velogenic, reflecting increasing levels of virulence. The velogenic strains (most virulent) are further subdivided into neurotropic and viscerotropic NDVs ([@ref2]). As there are variations in the virulence of NDV strains, the rate of mortality and morbidity in chickens also varies with decrease in egg production in laying hens ([@ref2]; [@ref3]).

Severe outbreaks of ND has occurred in Libyan poultry industry during March 2013, and the causative agent of APMV-1 was isolated and characterized ([@ref16]). The virus was inoculated in the allantoic fluid of embryonated eggs and confirmed by real-time reverse transcription-PCR (rRT-PCR). The genetic sequencing of the APMV-1/chicken/Libya/13VIR/7225-1/2013 isolate revealed the presence of a velogenic APMV-1 that belongs to the genotype VIIi in class II ([@ref16]). In the meanwhile, a new control strategy was adopted by the Veterinary Authority depended on the use of live and inactivated ND vaccines. This strategy has successfully reduced the threat of ND in commercial poultry but more outbreaks emerged in unvaccinated backyard birds. In March 2015, [@ref17] reported another ND outbreak in Alzintan city that emerged in backyard chickens and pigeons.

The results of [@ref17] showed two viruses are genetically similar to those were isolated from cloacal swabs of backyard chickens in 2013, with a velogenic type of APMV-1 belongs to genotype VIb in a pigeon. Based on these results, it may indicate that NDV is still circulating in backyard birds which usually not vaccinated. Moreover, there is a lack of data about backyard poultry rearing and populations as well as their disease status which has resulted in a knowledge gap in understanding the epidemiological pattern of ND among backyard poultry. Therefore, the current study was conducted to measure the seroprevalence and molecular detection of NDV in backyard chickens in Tripoli, Libya.

Materials and Methods {#sec2}
=====================

Samples collection and preparation
----------------------------------

A total number of 280 cloacal swabs were collected from non-vaccinated backyard chicken flocks in different geographical locations within the area of great Tripoli namely Qasr Ben Ghashier, Al-Sawani, Souq Al-Gomaa, Tajourah, Ein Zara, and Janzour ([Table 1](#table1){ref-type="table"}). Among those, 190 samples were collected during summer 2016 and 90 samples were collected at early winter 2016. A total of 412 blood samples were also collected from unvaccinated backyard chickens from the same geographical locations within the areas of great Tripoli. Swabs were stored on ice inside an ice box and serum separated from blood till transferred to the laboratory. The swabs were transferred under complete aseptic conditions into sterile McCartney (Bijou) glass tubes that contain standard transport medium then further stored at deep freezing (--70°C) till being tested.

Data recording on web/smart phones (EpiCollect)
-----------------------------------------------

EpiCollect (<https://five.epicollect.net>) is a mobile data-gathering platform for recording data pertaining to infectious diseases of certain animal populations including viral outbreaks affecting poultry populations. EpiCollect consists of two parts; a mobile application and a web server application. All records were obtained from chicken farms using this mobile phone application. Data included owner's name, number of samples, date of collection, type of vaccine, and place of collection. The locations included in current study were Qasr Ben Ghashier, Al-Sawani, Souq Al-Gomaa, Tajourah, Janzour and Ein Zara in Tripoli, Libya.

###### Number of samples (cloacal swabs) collected from backyard chickens in different locations of Tripoli.

  Season   Locations   Total                       
  -------- ----------- ------- ---- ---- ---- ---- -----
  Summer   65          34      18   24   22   27   190
  Winter   14          22      11   43   0    0    90
  Total    79          56      29   67   22   27   280

###### Results of NDV for cloacal swabs of backyard chicken from Tripoli using rRT-PCR.

  Season   Locations[a](#table2_fn1){ref-type="table-fn"}   Total Positive                                   
  -------- ------------------------------------------------ ---------------- ---- ---------- ---- ---------- ---------------
  Summer   65                                               60 (92%)         34   30 (88%)   24   14 (58%)   104/190 (55%)
  Winter   14                                               13 (93%)         22   5 (23%)    43   3 (9%)     21/90 (23%)
  Total    79                                               73 (92%)         65   35 (54%)   67   17 (25%)   125/280 (45%)

Samples collected from Janzour, Souq Al-Gomaa, and Ein Zara in summer and winter were negative for NDV by rRT-PCR.

Real time RT-PCR (rRT-PCR)
--------------------------

RNA was extracted from all tracheal and cloacal samples by RNA Isolation Kit ME-0010/ME-0012 ZJ., Biotech and QIAamp Viral RNA Mini extraction Kit, QIAGEN as per the manufacturer's instructions. After extraction of RNA, samples were examined for APMV-1 by rRT-PCR using a commercial kit (AnDiatec, Kornwestheim, Germany) and using the real-time protocol as previously described ([@ref9]).

Serological test of NDV using indirect ELISA
--------------------------------------------

Collected sera were tested for the presence of specific antibodies against NDV by ELISA commercial kit (CK116 NDV, BioChek, B.V, The Netherlands). The test was performed as per the manufacturer's instructions.

Statistical analysis
--------------------

Prevalence of ND in different regions and seasons was compared using Chi-square test (SPSS Inc. Chicago, IL). The value of (*p* \< 0.01) was taken as the cut-off value to consider differences statistically significant.

Results {#sec3}
=======

rRT-PCR results for NDV
-----------------------

Data pertaining to the detection of NDV in backyard chickens and ducks during summer season (June) and early winter (November) as well as the locations are shown in [Table 2](#table2){ref-type="table"} and [Figure 1](#fig1){ref-type="fig"}. The prevalence of NDV infection in backyard chickens in different locations of Tripoli during summer and winter was 45% using rRT-PCR. In summer, 104 (55%) out of 190 cloacal samples collected from chickens, were positive to NDV. The positive samples were distributed as 60 (92%), 30 (88%), and 14 (58%) from Qasr Ben Ghashier, Al-Sawani and Tajourah, respectively.

In the early winter, 21 (23%) out of 90 samples collected from backyard chickens were found positive to NDV. The positive samples were distributed as 13 (93%), 5 (23%), and 3 (9%) from Qasr Ben Ghashier, Al-Sawani and Tajourah, respectively.

The prevalence in summer season was significantly higher than in winter (X^2^ = 46.13, *p* ≥ 0.00001). However, there were no significant differences in the prevalence of ND in Qasr Ben Ghashier in both seasons. Samples collected from Janzour, Souq Al-Gomaa, and Ein Zara in summer and winter were negative to NDV.

Serological test results of NDV using indirect ELISA
----------------------------------------------------

Data pertaining to detection of antibodies against NDV by indirect ELISA are presented in [Table 3](#table3){ref-type="table"} and [Figure 2](#fig2){ref-type="fig"}. ELISA test revealed 218 positive out of 412 tested samples with total prevalence of 53% across the city of Tripoli in all regions. Obviously, Qasr Ben Ghashier has presented the highest prevalence of NDV specific antibodies (82%) followed by Tajourah (68%). The prevalence in Qasr Ben Ghashier was significantly higher as compared with other regions (*X*^2^ = 74.09, *p* ≥ 0.00001). The prevalence of 49% and 41% were recorded in Ein Zara and Janzour, respectively. The lowest prevalence was recorded in Souq Al-Gomaa (21%).

![The prevalence of NDV infection using rRT-PCR in backyard chickens in different locations of Tripoli during summer and winter.](OpenVetJ-10-80-g001){#fig1}

###### Prevalence of NDV specific antibodies by ELISA among backyard chickens from different regions of Tripoli.

  Regions             Total number of samples   Positive samples         
  ------------------- ------------------------- ------------------ ----- -----
  Tajourah            84                        57                 68    26
  Janzour             82                        34                 41    16
  Souq Al-Gomaa       80                        17                 21    8
  Qasr Ben Ghashier   88                        72                 82    32
  Ein Zara            78                        38                 49    18
  Total               412                       218                53º   100

Discussion {#sec4}
==========

ND is a highly contagious viral disease affecting birds in many areas of the world and known as the most economically important disease that has a greater negative impact on poultry industry mainly due to high mortality (up to 80%--100%) of infected chickens and decrease of egg production ([@ref8]).

The present study revealed a serious prevalence of ND in backyard chickens in different location of Tripoli by PCR and ELISA. The prevalence of NDV infection in backyard chickens in Qasr Ben Ghashier, Al-Sawani, Souq Al-Gomaa, Tajourah, Janzour and Ein Zara during summer and winter was 45% using rRT-PCR and 53% using ELISA. ND recurrent outbreaks are common in Libyan poultry farms from time to time which indicates a possible endemic situation that have developed through a long term cumulative situation ([@ref4]). Few reports have documented that NDV may be contributed in an outbreak of a respiratory infection of multi-agents in broiler flocks in Tripoli, Libya ([@ref5]). [@ref15] reported a prevalence rate of 17% in local chicken in the Federal Capital Territory, Abuja, Nigeria. ND is also still a major problem for poultry industry in Egypt. Deduced amino acid sequences and phylogenetic analysis of F gene of NDV revealed the circulation of NDV class II genotype VIId in Egypt during 2014 and 2015 outbreaks ([@ref1]). The level of NDV infection affecting the poultry farms in Algeria was 44% ([@ref7]).

In the current study, the prevalence in summer (55%) was higher than the prevalence in winter (23%) by rRT-PCR. This result is in agreement with [@ref20] who stated highest (50.6%) prevalence of ND in summer season compared to lowest (10.2%) in rainy season. It was previously reported that ND epidemics usually occur at times of climatic stress, leading to seasonal occurrence ([@ref6]). Moreover, migratory birds are thought to play role in the transmission of avian viruses like NDV ([@ref10]). Some wild birds, specifically pigeons and doves, could play a role as a reservoir hosts or carriers of virulent strains of NDV ([@ref21]). Aquatic wild birds are known to migrate from Europe to Africa during months of August, September, and October every year and return back during summer months ([@ref13]; [@ref14]). Epidemiological study was conducted in Farwa, Libya during period of 1998--2010, shows that a total of 41 species of migratory aquatic birds were recorded in Farwa island located at the West of Libya during the period from 1998 to 2010 ([@ref12]). Backyard chickens in Libya usually kept in open areas where there are a great chance to be in contact with migratory and wild birds. It is notable that most infections with avian influenza and ND in Libya were reported in spring and early summer. In March 2013 and 2015, the Libyan poultry industry faced severe outbreaks caused by APMV-1 leading to high mortality and great economic losses in commercial and backyard birds ([@ref16], [@ref17]).
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Among different locations, the prevalence of NDV infections was higher in Qasr Ben Ghashier (about 92%) in summer and winter compared with other locations. The result of ELISA test for sera collected from Qasr Ben Ghashier was also the highest (82%), which was statistically significant as compared with other regions (*X*^2^ = 74.09, *p* ≥ 0.00001). In Tripoli, many locations are well known for their heavy density of commercial poultry farms as well as backyard poultry rearing. Most of commercial poultry farms in Tripoli are located in Qasr Ben-Ghashier, Tajourah and Al-sawany. More than thirty commercial and backyard poultry farms are found in a total area of 9 km^2^ in Qasr Ben-Ghashier. The uncontrolled rearing of backyard poultry has resulted in disastrous spread of viral diseases in many countries throughout the world (WHO/OIE/FAO, 2009). Samples collected from Janzour, Souq Al-Gomaa, and Ein Zara in summer and winter were negative for NDV by rRT-PCR. However, sera collected from those locations and tested by ELISA were positive.

Out of 412 serum samples screened in this study by ELISA, 218 were positive representing 53%. These results indicate that NDV specific antibodies were detected among backyard chickens. Backyard poultry are not vaccinated against ND, the presence of NDV antibodies in their sera would be as a result of natural infection with the virus. In addition, higher antibody titers of NDV in birds are likely due to natural infection which is known to be higher than antibodies titers that result from vaccination.

In spite of vigorous vaccination schedules, ND is still a threat to the poultry industry in developing countries ([@ref19]). In Libya, vaccination could be as an effective method of controlling ND in commercial poultry, however, the veterinary services do not implement any vaccination program for backyard poultry.

Moreover, the use of poultry manure collected from commercial poultry farms as a natural fertilizer without previous heat treatment/suitable air drying can represent a potential source of the virus. Inter-state trade of poultry and poultry products is also a common feature, especially on known market days ([@ref6]).

Conclusion {#sec5}
==========

In conclusion, it is worthy to mention that the rare data about backyard poultry rearing as well as their diseases has resulted in a lack of awareness about the epidemiological pattern of ND among Libyan indoor poultry populations. This study demonstrated the situation of ND in backyard chicken as a source of infection highlighting the necessity of a comprehensive vaccination plan for backyard chickens.
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